Summary. Two patients with newly diagnosed insulin dependent diabetes mellitus were treated with human leukocyte interferon based on the hypothesis that the diabetes was induced by an active viral infection in the pancreatic islets and could be arrested. High peak levels of serum interferon were achieved (100-200 U/ml) with minimal systemic side effects. There was no sustained therapeutic benefit as measured by increased production of endogenous insulin, or of C-peptide, or by a lower requirement for exogenous insulin. Further trials with interferon treatment should be undertaken only if evidence of active viral infection (culture, antigen detection) can be associated with insulin dependent diabetes onset and these markers followed during treatment.
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The hypothesis that insulin dependent diabetes mellitus results from a viral infection of the pancreatic islet cells is founded on epidemiological observations [1] [2] [3] [4] [5] , as well as individual case studies [6] [7] [8] [9] . Human leukocyte interferon has a wide range of antiviral activity and has been used successfully in the treatment of chronic active hepatitis B [10] and acute herpes zoster [11] . Therefore, the possibility exists that early in the course of insulin dependent diabetes an appropriate antiviral agent might modify the process of virus induced pancreatic B cell injury. Even if only a percentage of B cells could be retained in a functional state, the additional endogenous insulin would be beneficial [12] .
Materials and Methods
Human leukocyte interferon was obtained from Dr Karl Cantell, State Serum Institute, Helsinki, Finland. It was produced, partially purified and safety tested as described elsewhere [11, 13] . The 0012-186X/81/0021/0116/$01.00 specific activity was 1 • 106 International Reference units/mg protein. Serum interferon levels were assayed by plaque reduction assay using vesicular stomatitis virus in human diploid fibroblasts [14] .
Serum immunoreactive insulin was measured by radioimmunoassay. Plasma and urine glucose levels were measured by enzymatic methods, Haemoglobin A 1 by commercial kit (Isolab), and fasting and stimulated C-peptide by specific radioimmunoassay [15] . Autoantibodies against pancreatic islet cells were determined by the indirect fluorescent antibody method [16] and by the complement fixing indirect fluorescent method [17] .
Antibodies to Coxsackie B 1-6 were measured by a microtitre neutralization method, using prototype strains as described by Yoon et al [6] . For the 3 weeks of study, daily throat and stool specimens from both patients were inoculated into human diploid foreskin fibroblasts and into primary rhesus monkey kidney cells (Flow Laboratories, McLean, Virginia) for case 1, and into human foreskin fibroblasts, a continuous rhesus monkey kidney cell line (LLC-MK2) and the Mason-Darbin canine kidney cell lines (Flow Laboratories, McLean, Virginia, USA) for case 2. All cultures were observed two to three times a week for viral cytopathic effects and held for 3 weeks before being discarded as negative. All cultures were tested for haemadsorption with guinea-pig erythrocytes between 14-21 days.
Patients
Informed consent was obtained from the parents of both patients.
Patient l
A 9-year-old Caucasoid female was admitted to a local hospital on 16 July, 1979 with a 2-week history of polyuria and polydipsia. For the 2 days before admission she complained of abdominal pain, and then developed Kussmaul breathing. Physical examination on admission, including height and weight, was normal. Plasma glucose level was 50.2 mmol/1, serum acetone was positive and CO 2 combining power 9 mmol/1. Ketoacidosis was readily controlled and she was discharged 24 July taking 35 U isophane insulin every morning, reduced to 19 U/day over the next month. In the Clinical Research Center, Shands Teaching Hospital from 17 August, the dose of insulin was reduced over 3 days and stopped. After 2 days without exogenous insulin, she was given interferon, 1.5 • 105 U kg -1 day -1 in divided doses by SC injection every 12 h. This dosage was similar to that used in previous studies of interferon therapy for herpes zoster [11] .
During the first week, while receiving interferon, fasting morning plasma glucose levels rose from a baseline range of 7.2-10 to .7mmol/1 with a relatively low (estimated 800-1000 kcal) daily food intake. In the second week, during which no interferon was given, fasting morning glucose levels remained in the same range. During the third week, while she was receiving interferon, fasting glucose levels remained high, acetone appeared in the serum, and 24-h glucose excretion in the urine rose to 100-200 g/day. One hour post-prandial plasma glucose level was above 28 mmol/1 after day 5 of interferon and she was restarted on isophane insulin, 8-10U/day. Over the subsequent year, she remained well and active using 21-35 U isophane insulin/day (0.60-1.0 U kg -1 day-l). The only side effects of the interferon were a fever of 38.6 ~ 8 h after the first dose, and depression of the total leukocytes to 2500 mm 3 4 days after beginning the first course of interferon and to 2900 mm s 5 days after beginning the second week of interferon. The leukocyte count promptly returned to normal after interferon was stopped. There were no abnormalities of liver function or platelet count. Except for malaise associated with fever on the first day of interferon, the patient experienced no subjective side effects during either course of interferon.
Patient 2
A 6-month-old Caucasoid female was admitted to Shands Teaching Hospital 12 March, 1980 with a 24 h history of polyuria, polydipsia, vomiting, and fever. She had been a healthy first-child of a normal pregnancy, labour and delivery. A maternal uncle had developed insulin dependent diabetes at age 19 years. The left tympanic membrane was dull, the right red and bulging, and she had a nappy rash. She was at the 50th percentile for height and weight. Initial plasma glucose level was 60 mmol/1, plasma acetone was positive at 1 : 32 and the CO z combining power was 5 mmol/l. Ketoacidosis was controlled rapidly and isophane insulin given the second day in the hospital.
On the third hospital day, approximately 90 h after the onset of polyuria and polydipsia, human leukocyte interferon treatment was begun at a dose of 1.5 • 105 U kg-~ day 1 SC in divided doses every 12h. During week 1, she required approximately 5 U isophane insulin in the morning and 1 U of crystalline insulin at night, with glycaemia in the range of 17-28 mmol/1 (Fig. 1) . After one week, interferon was withheld, and a transient but dramatic fall in insulin requirements occurred 4-5 days later. However, insulin requirements were clearly rising at the time interferon was restarted. While receiving interferon over the next 2 weeks, her insulin requirements and fasting and post-prandial plasma glucose levels remained high. No fall in insulin requirement occurred in the week following the second 2-week course of interferon. Except for a fever of 38.8 ~ 9 h after the first dose of interferon, and a transient episode of erythema and swelling at some of the injection sites, there was no evidence of an adverse reaction to the interferon. Blood leukocytes, platelets, and serum glutamic oxylacetate transaminase monitored twice weekly throughout the 5 week hospitalization, remained normal. She was discharged 1 week after the last dose of interferon, requiring 5 U isophane with 1 U crystalline insulin at night and has remained well on similar dosage.
Results

Interferon
High peak levels of serum interferon were attained. In patient 1, the mean peak level was 112 +_ 10 U/ml in week 1 and 218 +_ 10 U/ml in week 2 of interferon treatment (mean _+ SD of three determinations 5 h after SC injection). Corresponding values for patient 2 were as follows: in the first week 113 and 86 U/ml (average 99.5) and in the second week 90.5 + 30.8 U/ml (mean + SD of four determinations 4 h after injection).
The side effects of interferon were minimal. Both patients had a febrile response beginning about 6 h after the initial dose, but both quickly became afebrile and remained clinically well and active during the remainder of therapy. Aside from a mild and reversible depression of the blood leukocyte counts in patient 1, there was no laboratory evidence of toxicity.
Viral Study
In patient 1, serum antibody to Coxsackie I34 showed a microneutralization titre of 1:256, 24 days after her initial hospitalization for diabetic ketoacidosis, which was 14 days before treatment with interferon. Neutralization titres to Coxsackie viruses 132, B5, and B6 were all less than 8, to Coxsackie B1, 1 : 32, and to Coxsackie B3, 1 : 8. No fourfold rises or falls occurred over the next month. There was no serological evidence of recent infection by mumps, mycoplasma, adenovirus or leptospirosis.
In patient 2, serum neutralizing antibody to Coxsackie B4 was 1 : 32, 2 days after the onset of symptoms, and was 1 : 16 3 weeks later. Serum neutralizing antibodies to Coxsackie B5 were between 1:20 and 1 : 40 and did not change over the next 3 weeks. Acute and convalescent titres to Coxsackie B1, B2, B3 and B6 were all less than 1:20. However, both the patient's mother and father had high (>_ 1:512) but stable neutralizing titres to Coxsackie B4.
No viruses were isolated from either patient despite daily throat and stool cultures for 3 weeks.
Pancreatic Islet Cell Antibody
Islet cell antibody was present (2 + undiluted) in patient 1, 24 days after her episode of diabetic ketoacidosis, and persisted without change over the next 30 days. The antibody was absent in patient 2, two days after onset of diabetic ketoacidosis but appeared in low titre on days 9, 16, 23, and 30.
C-Peptide. C-peptide measurements during interferon therapy were as follows: patient i before interferon: 0.31 pg/ml (fasting) and 1.01 pg/ml (1 h postprandial; receiving interferon, week 1:0.49 pg/ml (fasting) and 0.56pg/ml (lh postprandial); off interferon 0.46pg/ml fasting; during interferon (week 2) 0.12pg/ml (fasting) and 0.12 pg/ml (lh post-prandial). Corresponding values for patient 2 were: before interferon 0.12pg/ml (fasting) and 0.18 pg/ml (1 h post-prandial), during interferon (week 1) 0.06pg/ml (fasting) and 0.12pg/ml (1 h postprandial), off interferon 0.06 pg/ml (fasting) and 0.06pg/ml (1 h post-prandial), and on interferon (week 2) 0.06pg/ml (fasting) and 0.06pg/ml (1 h post-prandial).
Discussion
Two patients with newly diagnosed insulin dependent diabetes were treated with human leukocyte interferon, with no persistent improvement in fasting blood glucose levels or endogenous insulin production whether measured by direct radioimmunoassay of insulin or of C-peptide.
There are several explanations for a lack of effect of interferon in our patients. (1) Their diabetes may not have been of viral aetiology. For example, several studies have been unable to implicate any viral agent in insulin dependent diabetes [18] [19] [20] [21] . (2) Their diabetes might have been the result of a viral infection in the pancreatic islet cells, but the disease may not have appeared until after active infection was terminated by the immune response. (3) Since interferon only protects uninfected cells, too few uninfected B ceils might have remained by the time insulin dependent diabetes was apparent. (4) The viral agent of insulin dependent diabetes may be unresponsive to interferon, although most human viruses appear to be quite susceptible in the laboratory. For example, in a recent study of the effect of interferon on prevention of dissemination of herpes zoster, protection was dose related and seemed to require serum interferon levels in the range of 200-400 U/ ml, whereas in vitro, varicella-zoster virus is inhibited by as little as 20 U/m1 [11, 22] . (5) Recovery from a viral or other insult to the islet cell may depend upon regeneration of new islet cells and interferon might have inhibited this process despite its antiviral effects. However, if this were the reason for the lack of response during therapy, we would have expected a response in the interval following therapy, but this was not observed.
A more extensive clinical trial could not be carried out because of the limited availability of interferon. The fact that our two patients did not respond neither rules out the possibility of response in other patients nor that insulin dependent diabetes might be caused by a virus. Ideally, interferon should be tested in patients in whom a viral agent can be implicated at the onset of diabetes and in whom measurement of infectious virus or viral antigen could be carried out during interferon therapy as a marker for efficacy.
